We have isolated, cloned, and characterized two cDNAs from Zea mays (L.), denoted yptml and yptm2, encoding proteins related to the ypt protein family. Amino acid similarity scores with YPT1 from yeast and ypt from mouse are in the range of 70% for yptml and 74% for yptm2, respectively, whereas similarities with p21 ras and other ras-related proteins are <40%. Most amino acid residues showing identity are clustered in the GTP/GDP binding domain. In addition, two cysteine residues close to the C-terminal ends, known to be palmitoylated and necessary for membrane binding in all eukaryotic ras-related proteins that have been characterized so
far, are conserved in the maize genes as well. Northern blot hybridization analysis of poly(A)+ mRNA from etiolated maize coleoptiles revealed single mRNA species of approximately the same size as the isolated cDNAs. The gene for yptml is expressed at very low levels in maize coleoptiles and tissue culture cells. The gene for yptm2 is expressed at higher levels and is differentially represented in RNAs isolated from various organs of maize plants, with its highest level in leaves and flowers. The structural similarity of the genes identified suggests that they could be involved in the control of secretory processes.
It has been established in animal and fungal cells that guanine nucleotide-binding regulatory (G) proteins exchange bound GDP for GTP thus initiating interaction with the corresponding effector protein(s). The intrinsic GTPase activity then hydrolyzes the bound GTP to GDP to return the complex to the resting state (1) . All ras or ras-related genes code for small G proteins with molecular weights of 20,000-28,000 that share structural and biochemical homologies (2) . In the past few years >20 small G proteins, including members encoded by the ras oncogene family, have been characterized by molecular cloning, but little is known of their specific functions (3) (4) (5) (6) (7) (8) (9) (10) . Although the products of the ras oncogenes are implicated in regulation of mammalian cell proliferation, other members of this family may have roles in vectorial membrane traffic (11) . It was found that GTP analogs affect intra-Golgi vesicle transport and regulated secretion (12, 13) . Moreover, mutations in the yeast genes encoding the yptl and SEC4 protein disrupt membrane traffic within the Golgi complex (14, 15) or from the Golgi complex to the plasma membrane (6, 16) . The YPTI gene product, besides sharing GTP-binding and activation properties with other members of the ras gene family, plays an essential role in both mitotic and meiotic stages of the Saccharomyces cerevisiae life cycle (17) . Expression of YPTJ mutant alleles results in a dominant lethal phenotype with defects in microtubule organization and function (18) . Recent evidence suggests that the YPTI gene product could be involved in Ca2' metabolism (14) .
Analysis of cell-free protein transport has further indicated that the yptl protein is an essential component for the vesicular transport of proteins from the endoplasmic reticulum to the Golgi complex (19) .
Due to their fundamental role in controlling basic cellular functions, it is expected that members of this ubiquitous gene family may also play an important role in plant growth control. In the present study we have searched for ras-related genes in plants. We describe the structural and molecular analysis of cDNA clonest from Zea mays encoding rasrelated proteins that are highly homologous to the ypt proteins.
MATERIALS AND METHODS
Construction and Oligonucleotide Screening of a Maize cDNA Library. A maize coleoptile-specific cDNA library was prepared and screened with oligonucleotides as described (20, 21) . The oligonucleotide sequences were 5'-ATTTTA-GATACTGCTGGTCAAGAGGAGTAT-3' (oligonucleotide 1) and 5'-GTTCCTATGGTTGTGGTTGGTAACAAATGT-GATCTT-3' (oligonucleotide 2). Oligonucleotides were synthesized on an Applied Biosystems synthesizer, deprotected, and purified by gel electrophoresis. End-labeling was done with T4 DNA polynucleotide kinase and [y-32P]ATP. Each probe (1 x 106 cpm/ml, 1 pmol/ml) was added to two sets of double replicate filters and hybridized for 24 h at 42'C, respectively. Melting temperature [4 x (G + C) + 2 x (A + T)] was calculated (22) and was 460C and 60'C for oligonucleotides 1 and 2, respectively. Each filter was washed in a solution containing 900 mM NaCl, 90 mM sodium citrate, and 0.5% Nonidet P-40 for three 5-min periods at room temperature, for two 10-min periods at 370C, and for one 15-min period at each of the following temperatures: 420C, 450C, 480C, and 51'C. The filters were subjected to autoradiography for 24 h. Phage from plaques yielding positive autoradiographic signals with both probes were cloned.
DNA Sequence Analysis. DNA sequence analysis was carried out by the dideoxynucleotide chain-termination method. The sequence alignment was calculated using software described by Vingron and Argos (23) and improved manually. From the distance data, a phylogenetic tree was calculated using the program KITSCH from the PHYLIP package by Felsenstein (24) . The tree shown is based on the one calculated by the program but redrawn by hand to scale to the correct homologies between the sequences. RNA 
subcloned into pUC118 and the DNA sequences of both strands were determined. The DNA sequences for both clones are shown in Figs. 2 and 3 . Nucleotide sequence analysis of yptml gave a 624-nucleotide (nt) open reading frame, with 192 nt in the 5' flanking and 144 nt in the 3' untranslated region followed by 33 adenosine residues (Fig.  2) . Similarly, nucleotide sequence analysis of yptm2 demonstrated a 609-nt open reading frame, with 116 nt in the 5' flanking and 257 nt in the 3' untranslated region followed by 82 adenosine residues (Fig. 3) . The 5' untranslated regions are G + C-rich (55% and 63%, respectively). The nucleotide sequences surrounding the initiator codons, 5'-cGcaATGa and 5'-cGacATGa, respectively, are consistent with the proposed eukaryotic translation initiation consensus sequence of (A/G)NNATGg, where lowercase letters are variable amino acids (27, 28) .
Translation terminates at a TGA (position 817, Fig. 2 ) or TAA (position 727, Fig. 3 
TCCTCGGTGGGCAAGTCCTGCTTCCTCCTCCGCTTCGCTGACGACTCCTACGTGGACAGC 300
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AACAACGTGAAGCAGTGGCTTGACGAGATCGACCGATACGCCAACGACAGCGTGCGCAAG 540 quences of other ras-related protein sequences deposited in data banks. A comparative analysis showed an unexpectedly strong similarity of the maize ypt proteins to the ras gene superfamily. The yptm2 protein shows a higher level of similarity to the mouse ypt protein or rabl protein than to the yeast protein. Further inspection of the homologous region at the protein sequence level confirmed that the homology is confined mainly to the GTP-binding domain. At the C terminus, the predicted ypt proteins contain two cysteine residues followed by hydroxylated amino acids. A similar sequence, containing two cysteine residues, one of which is needed for posttranslational lipid binding and subsequent membrane anchoring, is found at the C terminus of all members of the ras gene superfamily (34, 35) . To obtain an evolutionary relationship ofras-related proteins, a multiple sequence alignment was prepared based on distance measurements (23) . The tree in Fig. 4 shows that rabl from rat, ypt from yeast, and ypt from maize form a group of proteins within the ras family distinct from other rab or ras proteins. As can be seen from the alignment in Fig. 1 cDNA as a probe (Fig. 5) . To analyze organ-specific expression of the gene for yptm2, total RNAs from various maize organs were separated on an agarose gel, blotted onto nitrocellulose, and hybridized to a 32P-labeled yptm2 probe. Levels ofyptm2 transcripts were quantified by laser scanning densitometry and normalized to the relative level of hybridization to 18S rRNA. The level of expression is low in stems. Intermediate levels of expression are observed in roots, leaves, callus suspension culture cells, and coleoptiles, from 3.7-to 6.2-fold in comparison to stems. We find highest expression of the gene for yptm2 in flower tissues (10-fold in comparison to stems). We also analyzed the expression of ypt-related genes in other plant species. However, as shown in Fig. 5 (lanes f, g, and isolate several cDNAs from a maize coleoptile-specific cDNA library coding for members of the ras-related ypt protein family. Similarity to the Ha-ras protein is 35% and restricted to amino acids in the GTP-binding domain. The homologies are localized in four main blocks corresponding to amino acid residues 18-21, 62-68, 121-124, and 151-153 (using the numbering of the yptm proteins as a reference), which have all been implicated in the binding of GDP/GTP (26) . The spacing of regions of highest identity and hydrophobicity demonstrate strong functional similarity for GTP binding and hydrolysis within this family. Amino acids 37-48, which are probably located within the flexible effector loop, are thought to mediate interactions with corresponding effector proteins (26) . It is therefore not surprising that precisely these amino acids are very different in yptm proteins from those of ras proteins. The sequence from amino acid 166 to the C terminus diverges considerably within the whole ras family. The only amino acids strictly conserved within this domain are Cys-206/201 and Cys-200/201. In all ras and ras-related proteins, these cysteines are needed for palmitic acid binding and subsequent membrane anchoring. The conservation of these amino acids in the cDNAs isolated here argues that the corresponding plant proteins are localized in the membrane. In contrast to the ras proteins, no basic amino acids are found immediately on the N-terminal side of the cysteine. Moreover, downstream we find, in contrast to other members of the ras family, mostly hydrophilic amino acids. These differences may indicate variations in the specificity of plant acylases catalyzing the addition of the membrane anchor.
AATCCCGAGTACGACTACCTTTTCAAACTTCTGCTTATTGGTGATTCTGGTGTTGGGAAA 180
The identification of a series of ypt-related genes from plants raises the question of their function. In eukaryotes ypt proteins seem to serve apparently basic cellular functions and it is now becoming clear that, at specific steps in the secretory pathway, G proteins regulate the traffic of proteins in membrane vesicles. Genes encoding GTP-binding proteins involved in regulation of transport between early compartments of the secretory pathway have been cloned from yeast and from mammalian cells (36, 37) . Members of this rapidly growing gene family of small GTP-binding proteins may be key elements in the regulation of vesicular transport and delivery of proteins to the cell surface.
The identification of ras-related proteins in maize, which apparently have homologues in other plants as well, is of particular interest. Most plant tissues respond to growth stimuli, such as auxins, by cell elongation. Active expansion of membranes requires regulated secretion and correct targeting of secretory vesicles. Thus, in plant cells, GTP hydrolysis could trigger the vectorial flow of membrane material through a metabolic cascade to the surface. This may explain why we find members of the ypt gene family expressed in elongating maize coleoptile cells.
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